Intake and digestibility trials were conducted with sheep to evaluate the effect of adding various levels of a typical fibrous grass forage (neutral detergent fiber, NDF=68%) to a high quality, low fiber (NDF=22%) brassica forage. Four forage rape:orchardgrass hay diets (0, 40, 70, 100% rape content on a dry matter basis) were fed to groups of six Polled-Dorset crossbred growing wether lambs (39.6 kg) individually housed in metabolism crates. After a 7-d ad libitum intake period, a 7-d digestibility trial was conducted at 90% of the observed ad libitum intake level. Digestible dry matter intake (DDMI) per unit metabolic body weight increased as rape in the diet was increased from 0 to 70%, with increases in both dry matter intake and dry matter digestibility (DMD). However, DDMI was similar for lambs fed the 70 and 100% rape diets, with DM1 decreasing to the same relative extent as DMD increased. Digestibility of the cell wall fraction of the two intermediate diets (40% rape and 70% rape) was lower than predicted from component forage digestibilities. This observation suggests the existence of an associative effect similar to that often reported when forage and concentrates are fed in various ratios. Forage brassicas appear to be utilized in the ruminant in a manner more typically resembling a concentrate than a forage.
20% ) and digestibility (over 80%) values reported for the dry matter in these crops, 30-kg finishing lambs should be capable of daily gains approaching 300 g (NRC, 1985) .
Reasons advanced for relatively poor growth rates of lambs consuming brassicas include deficiency of sulfur-containing amino acids, mineral imbalances, and sub-clinical health effects. The latter include hemolytic anemia, instigated by high S-methyl-L-cysteine sulfoxide (SMCO) content, and goiter caused by presence of glucosinolates (Nicol and Barry, 1980 ). The major factor limiting feeding value of kale (Brassica oleracea) was high content of SMCO, which caused depressed intake (Barry et al., 1981a) .
Neutral detergent fiber (NDF) content of forage rape samples analyzed at University Park was found to be low, and disappearance of NDF residue was rapid during in vitro fermentation (unpublished data). Recently Lippke (1986) reported that the low fiber in ryegrass depressed intake in cattle. It was thought that an all-rape diet may contain insufficient fiber for normal ruminal function (Sudweeks et al., 1981) containing varying proportions of forage rape (B. napus) and mature orchardgrass (Dactylis glomerata) hay were fed to lambs, and intake and digestibility were measured.
Experimental Procedure
Twenty-four Polled Dorset, crossbred wether lambs, approximately 9 mo old, were individually confined in metabolism crates. Initial average body weight was 39.6 kg. Before feeding the experimental diets, chopped alfalfa hay (2.5-cm screen) was fed in ad libitum amounts (10% refusal) to all lambs for 12 d, and intake over the last 6 d was recorded. These intakes were used as a covariate in the statistical analysis of experimental diet intake. Lambs were fed once daily throughout the trial.
Diets. Lambs were randomly allocated to four groups of six, and one of four rape/hay diets was randomly allotted to each group. Nominal percentages of rape in diets were 0, 33, 67 and 100, on a dry matter (DM) basis. Mixtures were produced on the basis of preliminary DM measurements. Accurate DM percentages were not available at daily feedings, and actual percentages of rape in the two intermediate diets were calculated retrospectively using measured crude protein contents. These were found to be greater than intended, so in this paper diets are referred to as rape 0, rape 40, rape 70 and rape 100, in increasing order of rape content.
Rape (variety rangi), which had been sodseeded on July 6, 1983 into a paraquat-sprayed tall rescue stand, was harvested each morning to a 10-cm stubble, using a flail-type plot harvester. Intake and digestibility trials commenced October 21 and November 2, 1983, respectively, 102 and 114 d, respectively, after seeding. Orchardgrass hay, made at the early bloom stage of maturity, was chopped through a 2.5-cm screen and was mixed daily with rape (by hand for each lamb) to form the rape 40 and 70 diets.
Intake and Digestibility Determinations.
Lambs were adapted to the experimental diets over a 10-d period before a 7-d intake trial, conducted at ad libitum (10% refusals) feeding levels. Dry matter content of feed and refusals was determined (105 C) daily. Dried (60 C) samples of feed were stored before grinding and analysis for NDF, crude protein, lignin and minerals and refusals were analyzed for NDF.
Feed samples were frozen daily in liquid N before freeze-drying, grinding and determination of glucosinolate and SMCO concentrations.
After the intake trial, feed offered to the lambs was reduced to 90% of ad libitum intake. Five days later a 7-d digestibility trial was initiated. Dry matter content of feed was determined (105 C) daily. Feed samples, and all orts and feces, were dried at 60 C, composited for each lamb, and stored before analysis of NDF, acid detergent fiber (ADF) and crude protein (feed only) contents. Drinking water was available at all times. Water intake from troughs was measured during the intake trial, and water intake from feed was calculated. Lambs were weighed four times during the trial. Blood was drawn from the jugular vein of each lamb on the last day of the experiment for subsequent analyses.
Sample Analysis. Crude protein was determined by the Kjeldahl technique, and minerals (apart from sulphur which was determined by the Lecofurnace method) by plasma emission spectrometry. Neutral detergent fiber, ADF and permanganate lignin were measured as outlined by Goering and Van Soest (1970) . Levels of SMCO were measured by HPLC (Gustine, 1985) and glucosinolate by colorimetric analysis of enzymatically released glucose from resin-bound glucosinolates (Gustine and Jung, 1985) . Blood samples were analyzed for packed cell volume (PCV), hemoglobin (Hb) content and red blood cell (RBC) concentration on a Coulter Counter. Triiodothyronine (T 3) and thyroxine (T4) concentrations were measured by radioimmunoassay, and percentage of RBC with Heinz-Ehrrich (HE) bodies were estimated as outlined by Schalm et al. (1975) .
Statistical Analysis. Intake, digestibility, water intake and blood constituent results were analyzed as a completely randomized design of four treatments and six replicates, using analysis of variance (Snedecor and Cochran, 1973) . Preliminary determinations of alfalfa intake were used as a covariate in analysis of intake results to increase the sensitivity of the statistical analysis and to provide better estimates of the means (Abrams et al., 1987) . Differences between means protected by a significant F-test were tested using least significant differences. Response functions for dry matter intake (DMI) per kilogram metabolic body weight; digestible dry matter intake (DDMI) per kilogram metabolic body weight; digestibility of DM, NDF and ADF; and water intake vs proportion of rape in the diet were determined by fitting polynomial models to the data.
Results and Discussion
Chemical Composition. Crude protein (table 1) and mineral (table 2) concentrations of the diets were adequate for growing lambs (NRC 1985) . Calcium concentration of bay was low, copper concentrations in both forages, and zinc concentration in orchardgrass were marginal, but it is not likely that concentrations were so low as to affect adversely the lambs in a shortterm trial. Neutral detergent fiber concentration of diets ranged from 20 to 68%, and lignin concentration in diets from 4.6% (rape 100) to 5.4% (rape 0). Mean concentration of glucosinolates and SMCO in rape was .55 and .49%, respectively (table 2) .
Intake and Digestibility. Preliminary intake of alfalfa was an effective (P<.05) covariate in the analyses. Adjusted DMI per kilogram metabolic body weight was higher with the rape 70 than the rape 0 or the rape 100 diets. Feed refusal NDF content averaged 107, 128, 125 and 134% of diet NDF for the rape 0, 40, 70 and 100 diets, respectively, indicating that some selectivity preferences were shown by the lambs.
Dry matter digestibility (DMD) of the diet increased with increasing proportion of rape (table 3, figure 1), as would be expected from the increasing proportion of cell solubles. However, DMD of the two intermediate rape diets (65% for rape 40 and 73% for rape 70) was lower than would be calculated had a linear relationship existed between DMD and proportion of rape in the diet (71% for rape 40 and 77% for rape 70). Apparendy this was a result of a negative associative effect of increasing rape content on fiber digestibility as evidenced by the depressed NDF digestibilities accounting for a calculated 90% of the observed depression in DMD (table 3) . It is known that addition of cereals to forage diets can lead to a decline in ruminal cellulolytic activity, most likely associated with a decline in ruminal pH (Mould and ~rskov, 1983) . Based on nylon bag studies in steers, Williams et al. (1983) noted a depression in straw fiber digestibility when combined with turnips that was associated with a drop in rumen pH.
The curvilinear change in fiber digestibility meant that the DDMI increased as rape in the diet increased from 0 to 70% (table 3 ; figure 2), and was similar for the 70 and 100% rape diets. However, the DDMI curve of figure 2 suggests that there was some advantage to be gained in Rape In dl~t (%) Figure 1 . Influence of proportion of rape in diet of lambs on dry matter digestibility (DMD), neutral detergent fiber digestibility (NDFD) and acid detergent fiber digestibility (ADFD). bpreliminary dry matter intake (DMI) of alfalfa hay (g.d -~ .kg -'Ts body weight).
CActual DMI of experimental diets (g.d -1 ~ -'~s body weigh0.
dDry matter intake (g~d -1 .kg -'75 body weight), adjusted for preliminary DMI.
eDigestible dry matter intake (g.d -1 .kg -'Ts body weight), adjusted for preliminary DMI.
fDry matter digestibility (%).
gNeutral detergent fiber digestibility (%).
hAcid detergent fiber digestibility (%).
iExpressed as ml/d. Total is feed plus drinking water.
J 'k'l'mMeans within rows without a common letter in their subscript differ (P<.05). Figure 2 . Influence of proportion of rape in diet on daffy dry matter intake (DMI) and digestible DMI (DDMI) of lambs (g/kg metabolic body weight).
adding a small amount of hay to a rape diet, because maximum DDMI is projected to occur for an 82% rape:18% hay diet.
Water Intake. Total water consumption (table 3) of Iambs on diets containing rape was mostly from water contained in the low DM% rape (table 1) , and increased with proportion of rape in the diet. Lambs on the rape 0 diet had much lower total water consumption than lambs on other diets. It appeared that a daily water intake of approximately 2,000 ml was sufficient to meet the water needs of these lambs.
The DMI depression with the rape 100 compared with the rape 70 diet (table 3) may have been caused by the low DM concentration of the latter. Lloyd-Davies (1962) found, in feeding fresh pasture to-sheep, that when DM was less than 16%, "wet matter" intake was constant, so DMI intake was less where DM% was lower. In their study ruminal distention may have resulted in a depression of intake, which was of the order of 40% when comparing feeds of 16 and 11.5% DM. Halley and Dougall (1962) , Arnold (1962) , Yoelao et al. (1970) and Verite and Journet (1970) found, when considering high quality forages, that voluntary intake and DM% were positively related.
Sub-Clinical Health Effects. Although significant amounts of glucosinolate were present in rape (table 2), firm evidence of goitrogenic effects of lambs was lacking (table 4). Comparing the rape 0 and rape 100 diets, serum T 3 concentrations were 24% higher in Iambs fed the rape 100 diet; however, this difference was not statistically significant. Serum T4 concentrations were 41% lower in Iambs fed the rape 100 diet (P<.05). These differences contrast with those observed by Barry et al. (1983) in which serum concentrations of T 3 and T4 in kale-fed animals were 44 and 900% higher, respectively, than animals fed ryegrass, and thyroid weights were 296% higher in kale-fed animals. Although iodine supplementation nor- CHemoglobin concentration (g%). tiRed blood cell concentration (10 +/mm a ).
epercentage of red blood cells containing Heinz-Ehrlich bodies (%).
fTriiodothyronine concentration (ng/dl). gThyroxine concentration (#g/dl). h'i'JMeans within rows without a common letter in their superscript differ (P<.05).
malized T 3 and "r4 concentrations and thyroid weights, liveweight gains were not affected by such supplementation. Given the much smaller and conflicting goitrogenic effects in the present study, it is not likely that glucosinolates caused depression of intake of lambs on the rape 100 diet. The percentage of red blood ceils containing HE bodies was elevated in lambs consuming rape (table 4) . However, other signs of anemia normally associated with high levels of HE were not present in this trial; PCV, Hb and RBC were not affected by diet (P>.05). Anemia in sheep fed kale can occur within 2 wk of commencing feeding, but there can be substantial recovery to near normal concentrations of Hb and PCV (Smith, 1974; Barry et al., 1981b Barry et al., , 1982 . Ad libitum intake was measured 10 to 17 d after rape feeding commenced, whereas blood samples were taken 31 d after, rape feeding commenced, at the conclusion of the restricted intake phase. It is possible that lambs were affected with anemia in the early part of the trial, with sampling of blood occurring during a recovery phase. However, had lambs been severely anemic it is doubtful that they would be near normal in the short time period involved. Therefore any anemia experienced by the lambs, even in the early stages of the study, was probably mild and not likely to affect animal performance.
Average daily intake of SMCO was 0, 60, 130 and 150 mg/kg body weight for rape 0, 40, 70 and 100 groups, respectively. These were substantially lower than the over 300 mg/kg body weight daily intakes reported by Barry et al. (1981a,b) , where PCV and Hb concentrations were markedly depressed during the period 2 to 4 wk after commencement of kale feeding. Cattle and goats fed kale were afflicted with sub-acute anemia at intakes of 100 mglkg body weight SMCO daily, and cattle developed acute anemia at daily intakes of 150 mg/kg body weight (Smith, 1974; Smith and Greenhalgh, 1977) . Thus it is not likely that SMCO levels reduced lamb performance in the present study because sheep are more resistant to hemolytic anemia than cattle or goats (Smith, 1974) and there was little evidence for the development of hemolytic anemia in the experimental lambs.
It is known that SMCO is metabolized by ruminal bacteria to biologically active dimethyl disulfide (Smith, 1974) . Barry et al. (1981b) found that SMCO supplementation of alfalfa diets did not greatly depress intake by sheep. They postulated that the high structurahsoluble carbohydrate ratio of alfalfa, compared with kale, was not favorable for rapid formation of dimethyl disulfide. In the present study, lambs fed rape 70, although consuming a similar amount of SMCO to lambs on the rape 100 diet, may not have been as affected by the SMCO due to the increased concentration of structural carbohydrates provided by the hay component.
Intake of Digestible Energy. An alternative reason for depression in DMI of the rape 100 compared with the rape 70 lambs is that maximum digestible energy intake was achieved with both diets. As digestibility of the rape 100 diet was higher (table 3), DMI would have been correspondingly reduced. Controversy exists as to the digestibility level at which energy requirements, rather than physical factors, control voluntary intake. Digestible energy intake was approximately 80% of that achievable with 40-kg lambs gaining body weight at 250 g/d (NRC, 1985) , although the amount of this depression attributable to the stress of confinement in the metabolism crates cannot be quantified.
Conclusions
Digestible dry matter intake per kilogram metabolic body weight increased as proportion of rape in the diet was increased from 0 to 70%. This was a consequence of increased DMI and digestibility associated with reduced NDF content.
Digestible dry matter intake was similar for the rape 70 and 100 diets, because digestibility was 14% higher with the rape 100 diet, countering a 15% lower DMI. Reasons for decreased DMI with increasing rape content could include: 1) decreased fiber content to a level at which normal ruminal function was impaired. Digestibility of the cell wall fraction of the rape 40 and 70 diets was lower than would be predicted from digestibility of rape 0 and rape 100 diets, i.e., an associative effect occurred. This may have been a result of an abnormal ruminal fermentation, caused by the presence of rape in the diet; 2) decreased DM% and thus more ruminal distension because of water contained in plant ceils; 3) increased SMCO intake resulting in appetite depression; 4) increased synthesis of dimethyl disulfide from SMCO, because of lower availability of structural carbohydrate.
Production trials examining the proportion of brassica in the diet are limited. Valderrabano et al. (1986) found an increase in the intake of turnips when supplemental barley straw was offered in both pen-fed and grazing ewes. Fitzgerald (1985) , however, found no affect of ad libitum hay feeding on the empty body weight gain of lambs grazing rape, although the feeding capacity of the rape was increased 7% by hay feeding. Macdearmid et al. (1982) fed growing steers diets that varied in the proportion of kale and either barley, fodderbeets, or turnips. It was concluded that kale should be limited to a maximum of one-half of the total diet for acceptable animal performance.
There seems to be a sound biological reason for feeding a small amount (about 18% of DMI in this trial) of supplementary hay while animals are grazing low DM% forage rape, to increase DDMI. There could also be a sound economic reason for feeding an even larger amount (maybe up to 40%) of relatively cheap hay, or low quality pasture, as a substitute for higher cost brassica crop, without incurring a penalty in terms of reduction in DDMI.
Literatu re Cited

